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RATE OF INITIAL RECOVERY ARD SUBSEQUENT
RADER MONITORING PERFCHMANCE FOLLOWING
A STMULATED EMERGENCY INVOLVING STARTLE

In proposed highly automated air traffic control systems of the future,
such as the Automated En Route Air Traffic Control {AERA) concept (6), it is
anticipated that the controller will become less involved in manual coanfrol
operations and will become more cof a systems monitor or systems manager.
Such a shift in role is not unique to air traffic controlj it is becoming
common to 21l auvtomated systems as compuier technology rapidly advances. 1In
some areas, such as nuclear control room operation, these role changes are
already occurring (13). Operators are being removed from the manual control
loop to serve as systems monitors whose primary function is to detest
accasionzl @alfunctions or departures from normal limits, and then take
corrective action. Thus, in nuclear control rcooms and similar highly
automated systems, a primary responsibility of the operator is to act as a
backup in case of failyre.

While it is almost axiomatic that engineers and designers of highly
automated systems will attempt to design such systems as fail-saf= as
possidle, it is difficult to anticipate zll possible contingencies that may
arise. As Lees and Sayers (9) point out, there will always remain “...a
residual of events, usually of low probability, against which there is no
protection either because they were unforeseen or because their probability
was estimated as below the designer's cutcff level® (p. 332). It is the
unexpected, low-probability event that the systems monitor is expescted to
handle. Some of these events will undoubtedly be emergency situations, and
the reliability of humans in rapidly resolving unexpacted emergencies, such
as equipment failures in critical situations, is often stated to be low (S).
In proposed highly automated air traffic control systems, it is clearly
important to determine how rapidly and effectively controllers can respond
to unexpected failure conditions in order to esatablish redundancy
requirements and £0 determine the extent of zutcmated backup needed.

Although the belief thal humans are relatively ineffective in rapidly
resolving emergency situations is a common cne, relatively few studies of
human perfortance in eamergency situations have actually been conducted.
Part of this is due to the fact that field data on human reliability in
general, to say nothing of human reliability in emergencies, are almost
nonexisteat (8). Laboratory studies are difficult to conduct because
subjects are usually aware that some "emergency" is geing to occur and
because realistic emergencies are extremely difficult to simulate in a
laboratory environment.

Of the field studies dealing with emergency behaviors, the earliest
appears to have been conducted by Ronan (cited in Rigdoy and Edelman (14)).
Ronan c¢cllected information on 2,790 emergency =situations that crew-members
of multiengine aireraft had encountered. His datz suggest that
approximately 16 percent of the critical acticns taken to resclve these
emergencies either made the situations worse or failed to correct them.
Rigby and Edelman {14) selected 32 of the more common emergencies listed by -— ——




Ronan and, using a paired-comparison technique, had experienced nultiengine
crew-mezbers identify the most siress-producing item in each pair. The 32
emergencies were then scaled according to perceived stress, covering a range
from miidly stressful to extremely stressful. Since Ronan had listed the
freguency of effective and ineffective behaviors for each of these
emergencies, Rigby and Edelman obtained an approximate error rate for each
amergency by dividing the number of ineffective behaviors by the total
number c¢f behaviors reported. From a resulting plot of error rates against
perceived stressfulress of the various emergencies, they arrived at error
rates ranging from .01 for mildly stresaful emergencies Lo .25 for extremely
streasful emergencies. The types of emergencies associated with their
lowest stress category (mildiy stressful) appeared to Jiffer little from
normal behaviors encountered in piloting aireraft. Consequently, they
congider an error rate of .01 to be z conservative estimate of task
unreliability under reasonably benign operating conditions.

Other atudies relating Yo performance recovery in emergency situations
have dealt with simulated nuclear power plant emergencies. Lees and Sayers
{9) describe a number of studies carried cut by the United Kingdoam Atomic
Energy Authority over a period of vears that ranged from relatively simpie
laboratory experiments of response times to warning lights, to simulator
studies involving response times to reazlistic fault conditions. Because of
the differences between experimental situations, it is difficult to
summarize these results. Howewver, it would appear from the simulator data
that average response times for the various fzuit conditions were almost
always within allowable response times. Tnus, values of actual response
times ¢ivided by allowable times ranged from .23 to 2.80, with a mean across
faults of .87. The mean probability of failing to respond within allowable
times was .18. A much lower value of .007 was obtained for failure to
respond rapidly enough to a warning light in the simpler laboratory studies,
when the allowable response time was 4 =.

The higher probability of failure obtained in the simulator studies was
apparently due to the fact that allowable response times were the sum of
motor or movement times plus the more variable time that it *.ook the
operator to decide that the fault was uncentrolladle, requiring that the
plant be shut down. In the laboratory studies; decision time was minimal,
with a mean time to respond (as estimated from the data given} of
approximately 1 s.

The remaining studies to be comsidered have dealt with driver
response-recovery time to unexpected situations. Ziperpan and Smith (26)
examined driver performance following the unexpected deployment of air bag
restraining devices. Although there we- some initial lzteral deviation in
vehicle travel following deployment (the actual duration and extent of
deviation were nct reported}, recovery was quite rapid and no driver's
lateral deviation exceeded the limits of the driving lane. In a recently
published study, Muto and Wierwille (11) studied the effects of prolonged
driving on driver’s presponse time to a simulated emergency. The emergency
consisted of a sudden deceleration of the lead vehicle in a car-following
scenario. Mean response time tc the initial emergency situaticn following a
prolonged driving pericd was found to be 1.6% s. Hith repeated praciice,
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response times declined significantly to baseiine ievels.

Froe the studies just reviewed, it is apparent that the data on homan
reliability in emergency situations are both extremely meager and, because
of the different methods and appreaches used in asses3ing reliabllity, are
difficult to compsre in any mezningful manner. In addition, although
investigators generally acknowledge the need to incorporate stress inbto
studias of performance recovery following simulated emergencies (U4), it is
often very difficult to oreate in a laboratory the particular
perceptual-cognitive events that, beczuse of their meaning or significance
to the individual, are the usual trigeers for the emotional reactions
associated with rezi-life emergencies. Yet scme way of producing emotional
streas in simuiation studies would appear to be essential if the data are to
have relevance.

In an early study by Sternbach (19), it was reasored that startle
resulting from a loud auditory stimulus might be used te approximate the
principal compcnents {unexpectedness, fear, and physiological arouszl) that
are common to many types of sudden emergencies and hence provide a technique
for studying the time course of behavioral recovery following traumatic
events under laboratory conditicns. It is generally accepted that sudden
emergencies frequently, if not typically, elicit feelings of fear and
anxiety, and a number of studies have clearly demonstrated that startle does
evoke an experience; albeit rather transitory, that is mest closely
identified with fear (2,17). Further, the physiological response to
atartle, when compared with autonomic response patterns producad by
exercise, the cold pressor test, and injeetions of epinephrine and
norepinephrine, has been found to closely resemble the pattern produced by
epinephrine injection (18). This latter pattern has been shown to be the
characteristic pattern produced by fear-inducing situations (1,15).

Using a pistol shot as the stimuelus for a reguired button prsss
response, Sternbach {19) foumd that behaviorazl recovery times ranged from
128 %o 3,262 ms with a mean {estimated from the data) of 950 ms.

Sternbach'a primary concern, however, was not with the establishment of mean
values of response-recovery time to an emotionally disruptive stimulus, but
rather with investigating psychophysiological correlates of individual
differences irn response time to such stimuli. 1In this regard, he found that
greater autonomic response o the high intensity noise was assoclated with
slower perceptual-motor recovery from startle. & later study by Thackray
(20) compared response times to startle with reaction times to nonstartling
auditory stimuli. The intent of this study was to provide baseline data
that might be used to establish pilot response times to potentially ceritical
situations, such as unszpected clear air turbulence o a sudden failure in
an automatic control system. Mean response-recovery time (823 ms) to the
startle stimulus was similar to that obtained by Stermbach, but the
principal finding was that response times tc startle exaggerated differences
between fndividuals in their reaction times to low intensity tomes, i.e.,
the slow tended to respond slower and the fast respended more rapidly to the
startle stimulus.
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A subsequent study by Thackray and Touchstone (21) again used startile
To simulate a sudden airceraft emergency and examined beth the mammitvde of
initial disruption in pasychomector coordination and the tine course of
performance recovery. Although tracking performance showed maximus
impaimeent dvering the first 2 s following startle, significent impairment
was still present 10 s following stimulation. Since the total refliex
response to startle lasts approximately .3 to 1.5 s (8), it is evident that
the cbtained impairment in tracking, lastiag up to 16 =z follewing atsrtls,
clearly extended beyond the iritial disruptive effects of the startle reflex
itsslf and would appear to be a manifestation of 2 longer lasting, more
goneral physiological-emstional response bto the unexpected noise
stimmlation.

Other laboratory studies of percertual-motor recovery following
atartle, however, have failed to find evidence of impairment lasting this
long. Thus, May and Rice (10) and Viasaw (23), using various types of
tracking taske, found that impsirement foliowing astartle lasted consideracly
less than C s, with significant impairment cceurving only during the first
2 to 3 s following stimulation. The loager period of impaired performance
found by Thaeckray and Touchatone (21) may have been due to the use of a more
difficult tracking task and/or the use of a more refined measurs of tracking
arror.

Although perceptual-motor vecovery following startle apvears %o be
quite ranid, thers is evidence that tasks Iinvolving decision waking or
inforation preocessing mey ve Ingzired for a longer period of time. Thus,
Vliasak (23) studiad the effects of startis on continuous menial subtraetion
and found parformznce 2 bz signficlantly iwpaired during the first 30 s
foilowing atimulation. & similar pericd of impairment was found bY Woodhead
(24,25) who odtained decrements on a continuous aymbol-matching task lasting
from 17 to 31 s after startle.

The fact that impairment on some tasiks following startie may last for
at least 30 s clearly indicates that startle effects extend beyond the
initial period of motor disruption produced by the reflex response itself.
Given that startle is unexpected, frequently evokes subjective responses
assocliated with Pear, and produces pronounced phnysiological aroussli, it
seems reasonable to conalude that startle may indeed provide a laboratory
technique for studying recovery of functioning following sudden emergency
situations.

In all of the startle studies Jjust reviewed, performance recovery
effects wWere studiied only during the first fow min following stimulation.
While it i= entirely posaible that performance impairment does not extend
beyond this time period, startle is known to be a2ccompanied by rather
sassive autonomic (espeeially cardlovascular} changes, and it is entirely
possible that such changes could have longer-term effects on performance.
Thus, & proncunced discharge of the zuioncmic nervous system might have a
long=term activating effect resulting in prolonged performance fzeilitation,
or, conversely, it might produce a periocd of parasympathetie
overcompensation leading to eventual drowesiness and impaired performanca.
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The pressnt study was conducted to compare both short- and long-term
perforgance recovery eifects following a simpulated emergency involving
startle with recovery followiig a nonstartling emergency situation. This
latter condition was considered to be a control corndition for the purpose of
establishirz a bascline response-recovery pattern {o = nonemotional
Yemargency”® aituation. The subject's primary task was to monitor 2
sigulated air trzffic control (ATC) radar display. Performance recovery
following the emergsncy (a radar fzilure sigraled Ly either a lcud or low
level noise) was assessed in terms of response time and error rate on a
simple infformation processing task and zlso in terms of subsequent
performance on the radar monitoring task. Ip addition to performance,
physiological and subjective measures of startle and arousal were also
obtained. I% was hypocthesized that pertormance following the high intensity
noise {expected to elicit a ztartle reflex) would be significantly impaired
relative to performance following the low intemnsity noise (expected to
eliecit an orienting type response).

Method

Subjects. Thirty paid university students {16 males and 14 females)
ware randomly assigned, in approximabtely equal mzle-femzle proportions, to
one of two treatment groups. Subjects ranged in age from 19 to 3 (mean =
23.5) and none had pricr experience with the tasks used or previous training
in air traffic control. All had 20/20 vision, corrected cr uncorrected, and
all had no reported hearing ioss.

Apparatus. Programing and recording of responses for the primary radar
task were accompliished using a Digital Equipment Corporation PDP 11/H0
computer. The computer was interfaced with a 17 in (43 cm) ecathode-ray tube
(CET). which served as the subjects' dispiay. The stimuli (targets)
ecnsisted of 16 alphanumeric data blocks that identified the aircraft and
gave its altitude and speed. Targets were updated as %o location znd any
change in the alphanumerics in a coantinucus, clockwise manner, such tnat a
ccaplete update cccurred every b s. Critical stimulil consisted cf a change
in 2 target'z displayed altitude to a2 vziue greater than 550 or less than
150. Changes occurred randomly, with 10 criticzl stimull in each half=hour
period. Interstimulus intervals ranged from 1.2 to 7.5 min. Subjects
responded to a critical stimulus by pressing a button held in their hand and
then holdirng 2 light pen over the critical target. The light pen caused the
altitude portion of the data block to revert o its previous within-limits
value. If a2 oritical stimulus was not detected within 1 min, the altitude
change reverted autometically to its previous value.

The secondary information-processing task consisted of a simple
self~paced serial reaction (3SR) task. The subject's panel contained four
lever-actuated miocroswitches arranged in a row 3 ca zpart with a 1.9 cm
diameter visual display centrzally located over the keys. The visual display
presented the numbers 1-% corresponding to keys 1-% as numbered from left to
right. A tape reader was used to present the numerical stimuli to the
subject. 3timuli congisted of a quasi-random series of numbers with the
regirictions that nc number 2ould occur twice in succession and that eacsh
number occur an equal number of times ir the series. The series consisted
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of 300 stimuli and repeated itself zutomstically.

Bach time a ziven number zppeared, the subject attempted to press the
corresponding key. If a ccrrect response was made, the tape reader advanced
and the eycle continued. If an inccorrect response was made, the visual
stimulus did not change until the correct key was preased. Elapsed time
between responses as well as incorrect respenses were computer recordesd.

The noise burst used to signal the onset of the simuylated radar failure
consisted of a 1 3 pulse of amplified white noise produced by a Grason
Stadler Noise Generator and delivered through an Asoustic Research (AR2a)
speaker located 1.8 m behind the subject at head height. Hoise level at the
subject's head location was 104 dBA for the high intensity (startle}
eondition and 67 dBA for the low intensity condition. Ambient rcom noise
was 5T d4BA.

Heart rate was obtained froz chest eiectrodes placed at midlateral
locaticns on the rib cage and the leads connected to a Beckman
2ardictachometer. Pulses from the cardiotachometer wers used as inputs to
the computer for processing heart rate. Beckman biopotertial electrodes
filled with a saline paste and attached to the volar surfaces of the index
and middle fingers of the subject's left hand were used for measuring
conductance level. Leads from these electrodes led 40 a Beckman Type 9844
coupler that recorded conductance direcily.

The computer and other recording zpparatus were located in an 2djacent
rooaa from which the sublect was menitored and vidso-tape reccrded via
elosed-circvit TV. Indirect lighting was ased in the subject's room, and
the level of illumination at the display was 21.5 lux. This level
approximates that used in operational air traffic control eavironments.

Procedure. The subject was seated at a simulated air traffic control
conscle containing the visual display, with the SR task located directly %o
the right of the chair. Electrodes were attached and an orientaticn tape
played. The orientation stated that this was one of a series of studies
designed %c investigate the role of an air traffic coniroliler in future,
highly automated systems, and that in t..ls particular study the intent was
to evaluate performance recovery following an emergency condition (a2 radar
failure).

The instructions for the radar task emphasized the recessity of
pressing the button immediately upon detection of a eritical stimulus. The
subject was told that a eritical stimulus {a2ny altitude value greater than
550 or less than 150) could occur in any target at any time, regardless of
the current altitude values of the targets., It was explained that
oceasional large changes in aititude would not normally oecur in an actual
radar system, but that thiz departure irom normal conditions was necessary
to insure that 2}l targets would be given equal priority in scanning. &
7-2in practice period was then administered.
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Instructions for the SR task described the basic nature of the task and
emphasized that performance should be az rapid as possible, but not zt the
expense of accuracy. They were told that 2 noise from the speaker behind
them would always be the signal to begin performing this task. Three 1-min
training periods separated by 30-s rest pericds were then administered. The
noise level signaling the start of each training period was always set at 67
d34.

Subjects were then reminded that the purpose of this study was to
examine performance recovery following an emergency (radar failure)
gondition. They were told that at some time during the 1 1/2- to 2 1/2-h
period of radar performance (the actual duration of radar performance was
always 2 h) the targets on the screen would stop moving. At the samc time
they would hear a noisze signal from the speaker znd a red indicator light on
the conaole would be illuminated. When this occurred, they were to
immediately begin performing the SR task and contioue performing it until
the red indiecator light went off. They were informed that the targets on
the radar screen would commence to move again once the red light was
extinguished, and they were to resume performance of the radar task at that
time. Subjects were told that they had been randomly assigned to different
conditiona and that the noise signaling the radar failure would be at the
same intenszity leval as used during the practice periods for some subjects,
but would be at a louder. possibly stariiing, level for others.

The radar failure occurred at the end of 1 h of performance on this
task. The periocd of time between the failure and resumption of radar
monitoring was S min. After the S-min pericd of SR performance, subjectis
resumed radar monitoring for one more hour. At the end of the experiment,
all subjects rated the degree of startle elicited by the neoise signaling the
failure pericd.

Measurement of the Performance and Physiological Data. For the radar
task, mean time fof critical stimuli correctly detected and the number of
eritical stimuli missed were obtaimed for ezch subject forr each successive
30-min of the task. Heart rate was computer processed and the mean rafe
determined for each 30-min period. J{onductance level was measured directly
from the chart recordings at the beginning and end of each of these periods.

Qur previous study of tracking recovery following startle {21) clearly
suggested that maximum performance effects occurred well within the first
min following stimulation. Conseguently, a fine-line analysis was made of
mean SR time during each succeszive H5-3 interval for the first min following
stimulation. To determine the magnitude of change in heart rzte and skin
conductance, as well as the time-course of recovery, maximum heart rale
{single fastest beat as measursd from the cardiotachometer recording)} and
maximum skin conductance leval were obtained within each 6-s interval.
Since 1t was anticipated that both performance and physiological measures
wouald begin to stabilize after the first min following stimulation, mean
values were used for zll meagures during the subsequent four, f-min
peaLurement periods of the radar failure perind.
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Resulis

Initial Performance and Physiological Response to Noise Stimulation.
Figure 1 shows mean response time for SR performance durlng successive 6-s
intervals of the first min following noize stimulation. Alsc shown are
prestimulus levels. (These were obtained from the finzl min of the initiai
practice pericd and did not differ significantly (t{28)=.18, p >.05)}.
Relative to prestimulius ievels, both noise atimulation groups displayed an
increase in response time fellowed by a return to 2 level at or below
rrestimulus values. Surprisingly, the performance trends shown in this
figure appear almost identieal in the two groups. An analysis of variance
of the poststimulus data revealed that, although the periods effect was
significant {F(9/252)=16.17, p <.01), there was in fact no difference
between groups and ne significant interaction (E €1.00 in both cases).

.80

O== =0 High Infensity Group

.80 ©&——8 Low intensity Group

1.40

SECONDS

Pre- i 2 3 4 8 8 T
6-SECOND INTERVALS

Figure 1. Mean response time for SR performance during successive b-s
intervals of the first min following noise stimulation. Also
shown are prestimulus values.

Since this finding was not expected, response Limes during the first
6-3 period were examined more closely. The time from noise stimulation to
first response (designated the initial response time) was obkained for each
subiect in the twc groups. These data, plotted on log normal probability
paper, are shown in Figure 2.

For the high intensity group, mean Initial response time was 2.91 s,
wniie mean time for the low intensity group was 2.84 s. 4 t test performed
on these data revealed no difference between the group means (£{28)=.24, p




>.35). Pigure 2 suggests, however, a difference in the variability of
initial response times in the Lwo groups. Response time variance for the
high intensity group was .9916, while for the low intensity group the
variance was .3806.
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Pigure 2. Distribution of time to first SR response following noise
stimulation.

This difference was signifizant (F(13/1%)=2.61, p <.05). Tne
significant difference in variances wuas confined only to initial response
times. An 2xamination of response time variances during the first 6.s
period following stimulation revealed variances of .2869 ard .1272 for the
high a2nd low intemsity groups respectively. The difference betwesen groups
was not significant (F(14/14)=2.25, p >.05).

In an attempt to clarify the reascons for this lack of difference in
initial mean response times accompanied by a significant difference in
variability, video-tape recordings taken of each subject's response
following noise stimulation were visually analyzed. In the high intensity
group, ali subjects displayed percepti ‘le movemenis of the forso, head, and
arms in acoordance with the classic startle pattern desceribed by Landis and
Hunt {8). Reactions subsequent to the reflex response, however, differed
markedly among subjects. Some subjects appeared dazed and disorganized by
the noise, while others recovered almost immediately and rapidly began
performing the SR task. For the group receiving the low inteasity noise
stimulation, the behavicral response waz quite different. There was no
evidence of starile znd, as expected, the typical reaction resembied an
orienting or surprise response. Following the orienting reaction, virtuzlly
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21l subjects in the low intensity group exhibited an almest identical
pattern. They sliowly and deliberately turned in the chair and, in the =ame
slow manner, began performing the 3SR task. There was none of the confusion
znd diseorganization displayed bv many subjects in the high intensity noise
group. Thus, analvsis of the video-fape recordings clarifiecd the reasonu
for the lack of difference between the groups in mean time te first
response, The disruptive effect of the loud sound for some subjects
combined with the rapld recovery shown by others apparently balanced the
generally uniform response of the low intensity group. This also explained
the difference in the variance of response times of the two groups.

Other performance data obtzined during the first nin following
stimulation consisted of the mean number of incorrect responzes made by each
group. The obtained mean value for the hign intensity group was 3.1
errors, while the mean for the low inteasity group was 1.36. & Mann Whitney
U test, used because the distributions were highly skewsd, revealed this
difference to be significant (U=50, 3 <.05)., (There was no difference
between the groups (U=70, p >.05) in their frequency of errors during the
last min of the initial practice pericd at the beginning of the experiment.
Mean error rates were 2.07 and 1.36 for tne high and low intensity groups
respectively.)

Physiological changes during the first min following noise stimulation
are shown in Figures 3 and 4. Figure 3 shows conductance change and Figure
4 shows heart rate change.
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Figure 3. Mean maximum conductance level during succeszive 5-s intervals of
the firat min Pollowing noise stimulation. Alse shown are pre-
stimulus vaives.
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Figure 4. Mean maximum heart rate during successive 6-s intervals of the
first min following ncoise stimulation. Also shown are prestimulus
values.

Prestimulus values are 2lso shown in both figures. BSeparate t tesis
performed on the prestimulus values for heart rate and conductance level
revealed no significant differences (p >.05) between groups. Analysis of
variance performed on the poststimulus conductance data of Figure 3 revealed
a significant periods effect (F(9/252)=75.35, p <.01), but nc difference
between groups and no interaction effect (F <1.00 in both cases). Quite
different results were obtained for ilie heart rate datz, however. The
2ralysis of variance revealed significant differences betwesn groups
(F(1/28)=10.42, p <.01), periods (F(9/252)=12,22, p <.01}, and a significant
interaction effect {F{9/252s6.61, p <.01). Examination of the data for the
high intensity group in Figure 4 reveals a typiczl heart rate response to
startle. There is pronounced initial cardiac acceleration followed by an
abrupt decline or rebound effect of aimost equal magnitude. This is
foliowed by 2 rather large secondary acceleration and slow deceleration.
The data Cor the low intenaitiy group, on the other hand, show considerably
izss initial acceleration followed by graduzl <ecline and slow recovery %o
prestimulus level. To clarify further the differsnces in heart rate
response, bezat-by-beat patterns evoked by the two stimulus intensities are
shown in Figure 5 as deviations from prestimuius beat 1. Since orienting
responses can be differentiated from startie responses by the direction of
tne initial heart rate change Pollowing stimulation (7)., only the initial
changes were zZnalyzed.
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Figure 5. Beat-by-beat changes in mean heazrt rate from prestimulus beat 1.

‘Relative to prestimulus rate, heart rzte decreased {t(13)=1.82, p <.05,
one-tailed} in the low internsity group and increased (*(13)-2.71, p <.01,
one-tailed) in the high intensity group. The direction of these changes is
consistent with the expected direction of change for orienting and =tartle
responses respectively (7). The fact that conductance change did not differ

the two groups is not necessarily inconaistent with the heart rate data.
Although magnitude of skin conductance change is often found %o be
proportional to stimulus intensity (3,12), conductance change, being
unidirectional, cannot be used to differentiate orienting from startl
reactionz (7}, a2nd orienting reactions of zagnitudes comparabls to startle
responses are often evoked by weak stimulus intensities (5).

Subsequent Performance and Physiological Response to Foise Stimulation.
Mean 3R response time, heari rate, znd conductance level were zlso obtzined
for ain 2 through 5 following noise stimulation. These data are shown in
Table 1. SR performance increased significantly (F{3/84)=3.74; p <.05} for
both groups during this time frame and probably reflected a2 fatigue effect.
Conductance level also increased (F(3/84)=39.33, p <.01), while heart rate
showed no change (F(3/84)=1.56, p >.05). There were no differences Detween
the groups in serial reaction performance, heart rate, or conductance level,
and no significant interaction effects (F <1.00 in all cases).
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TABLE 1. Mean Serial Reaction Time, Heart Rate, and Conductance Level for
Minutes Z Through 5 Following Moise Stimulation

Minutes After Noise

Measure Groups 2 3 5 5

Bigh Intensity 7533 - 7393 .7613 «T729
Serial Rescticn

{seconds) Low Intensity .7553 .T4% . T480 .T673
High Intensity 11.56 10.56 10.06 9.77
Conductance y
{micromhos) Low Intensity 11.39 10.70 10.31 10.21
High Intensity 77.3 7.2 78.4 78.6
deart Rate
{beats per min) Low Intensity 74.9 75.7 75.7 75.8

Frequency of errors {(not shown in Table i) {or the serial reaction task
was sumed across nin 2 through 5 and divided by 4 to give the mean number
of ircorrect responses per minute of each group. The obtained mezns were
2.70 and 2.62 for the high and low intensity groups respectively. A Mann
¥hitney U test revealed no difference betwsen the groups (=82, p >.05}.

Mean performance on the radar task acros: the 2-h session is showm in
Figure 6.
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Figure 6. Mean target detection time on the radar monitoring task across
the 2-h session.




The general increase in detection time, common to both groups across
the session, is a typleal pattern that has been found in ail of our pravious
studies with this task, e.g., Thackray & Touchstone {(22). An analysis of
variance showed this period®'s effect to be significant (F(3/84):13.02, p
<.01). However, there was no difference between groups (F <1.00) and, more
importantly, there was no signifiecant interaction of groups by periods (F
€<1.00). With regard tc omission errors, five subjects in each group missed
one or more critical stimuli during the first hour of radar perfermance.
During the second hour, seven subjects in the high intensity and five
subjects in the low intensity group missed cne or more stimuli. A&
chi-square analysis revealed this difference between groups during the
second hour tc be nonsignificant {p >.05). Thus, the different noise
intensities to which the two groups were exposed had nec differential effect
or either mean performance or omission errors during subseguent radar
menitoring.

Mean heart rates and conductance levels across the 2-h radar monitoring
session are shown in Table 2.

TABLE 2. Mean Heart Rate and Conductance Level During Each 30 Minute
Period of Radar Monitoring

30 Minute Periods

Measure Group 1 2 3 4
High Intensity 9.48 9.23 8.58 8.13
Conductance
(micromhos) Low Intensity 10.148 9.87 9.48 8.80
High Intensity 80.561 79.93 759.13 75.02
Heart Rate
(beats per min) Low Intensity 78.3% 76.142 73.65 72.76

Analyses of variance revealed a significant decline in heart rate
(F(3/84=41.37, p <.01) and in conductance ievel (F(3/84)=18.31, p <.0T).
There were no significant interaction effects for either variable and no
differences between groups in either heart rate or conductance level (F
€<1.00 in all cases).

Subjective Response to Noise Stimulation. Subjective ratings of
startle, cbtained at the completion of the experiment, appeared clearly
different among the groups. The mean valiue for the high intensity group was
6.S (corresponding to a rating of "very startled®); while for the group
receiving the low intensity noise, the mean value was 2.9 (corresponding to
2 rating of "only slightly startled"). A t test pe*formee on these data
‘revealed the difference to be significant (£{28)=6.56. p <.01).
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Discupsion

Yideo-tzpe recordings, hezrt rate response, and sublective ratings of
startle were consistent in demonstrating that the high intenaily noise
signal was clearly astartling to subjects assigmed to this group.

Conver=ely, the group exposed to the low intensity noise exhibited ro
behavioral evidenzce of startle, and the direction of initizl heart rate
change was consistent with the expectation that this level <f noise wouid
produce only an orienting or surprise reaction. In spite of these
differences, however, at no time during the first min following the noise
signaling a2 radar failure did response times om the secondary SR task differ
in the two groups.

&% Tirst glance, this lack of any difference between the startled and
nonstartled groups in mean performance during the first min following
stimulation would appear to be inconsistent with the findings of other
startle studies reviewed earlier. Previsus studies of perceptual-motor
recovery foliowing startle have found & peried of impaired performance
lasting from 1 to 10 s rollowing intense neoize stimulation. It should be
noted, however, that imn 21l of thesz studies startle was introduced during
the parformance of some form of continuous {racking task and that the period
of maximum impairment was alwzys confined o the first 1 to 3 8 following
startle. In the presaent study, the nolise used constituted 2 signal that a
radar failure had occurred reguiring a transition from the primary
monitoring task to the secondary SE task. Mean time to make this transition
was 2.91 s in the startled group, a2 value clearly within the pericd of
maxinum tracking impairment reported in the earlier studies. Consequently,
it would appear that the primary disruptive effects of startle occurred
during, or were confined to, the time period from stimulation to the first
SR response (the task transition period), and it is thus nct toe surprising
that no differences were found between the groups in mean SR performance
during the first min following noise exposure. Interestingly enough,
however, task trznsition time was found to be no greater in the startled
than in the nonstartled group. As discussed earlier, analysis of the
video=tape recordings tazken during noisze stimulation revealed the reason for
the lack of difference. In the group receiving the nonstartiing noise
signal, behavior following stimulation was eXtremely uniform; subjects
slowly turned in the chasir and began performing the SR task. In the
startled group, there were pronounced individual differences following
stisulation with some subjects appearing dazed and confused by the noise
wnile others recovered almost immediately and rapidly began performing the
task. The extreme reactions to the high intensity noise were apparently
balanced cut by the far more uniferm behavioral reaction to the low
intemeity noise resullting in 2 difference bebween groups in the variamce of
initial response times, butl not in pean vzlues.

Although mean response times were mot adversely affected by startle,
freguency of errors on the SR fask was significantly greater in the startled
than in the nonstartled group during the first min following stimulation.
This finding is in gensral agreement with the findings of Vlasak {23} and
Hoodhead (28, 25) veported earlier, that information processing may te
iumpaired during recovery from startle for periods ranging from 17 s o cver
30 s.
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There vas zo evidence that startle affected frequency of errors or mean
performance on either the 3R task or the radar task subsequent te the first
min Pollowing stimulation. Since neither hear: rate nor conductance level
differed among the groups during these subsequent periods of SR and radar
pe~formance, it would appear that the physiolegical and performance effects
of startle are quite transitory and are largely confimed to the first min
folliowing the startling event.

It would bhe desiradle to compare laboratory findings cof recovery from
startle with the time course of performance recovery following other forus
of simulated emergencies. Unfortunately, few such comparisons can be made
because of the paucity of published findings. O0f the studies that have been
reported, the most comparable appsar to be those dealing with driver
reactions to audden emergencies or startling events. As previously noted,
Ziperman and Smith (206) feund that explesive deployment of air bag
restraining devices caused only momentary dispuption of vehiele travel, and
Muto and Wierwille {11) found that mean initial braking time to an
unexpected driving emsrgency, presented after a prolonged period of
uneventful driving, was 1.64 s. Other relevant studies have deait with
simulated nuclear power plant emergencies. In these studies, process
operators in nuclear control rooms were instructed to make a pushbution
response as rapidly as possible to simmlated emergencies signalled by
auditle 2larms and visual indicators. With signal rates of .35 to 1.35 per
hour, response times (estimated from the data given) were guite short and
ranged from less than 1 s to approximately 2.5 s (9).

laboratory studies of performance recovery follewing startle are not
completely analogous to studies of simulated nuclear power plant emergencies
cr even driver response to unexpected situations. Yet, all of these studies
suggest that perforaance following unexpected, and often traumatic,
situations is not nearly as disrupted as is frequentiy believed, with
initial recovery of perceptual-motor functioning typiczlly occurring within
the first few s following the emergency or unexpacted event.

In eveluating these findings with regard to their applicability to
emergency bshavicrs in resl-life zituations, it is important to recognize
that unexpected emergency situations in real life may involve at least two
phases of behavioral regponse. The initizl phase, which could be termed =2
"shoek phase,” is one in which the individual attempts Lo react To the
unexpectad situation as rapidly as possible with immediate behaviors
designeé Lo cope with or rectify the unexpected event. It is during this
phase that emotiomal-physiclogical rezctions to the emergemcy may produce
behavioral disruption or even temporary immobility. In some emergencies,
the shock phase is follewed by a gsecond phase which could be termed an
"evaluztive phese.® Thisz phase occurs if the emergency situation has not
been resolved during the ipitial shock phase and is characterized by an
emerging perception or evaluztion of the situaltion in terms of the
irdividual’s ability to cope with the emergency. If it becomes apparent
that there iz no satisfactory means of coping with the situation, panic may
aceur,
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It is evident that findings of studies of performance disruption
following atartle, such as the present one, would be relevant only to the
initial recovery period or shock phase of a sudden emergency event. This
would seem to be the case also with the studies simulating nuclear control
room emergencies and driver response to unexpected situations that were
cited earlier. Taken together, these studies suggest that perceptual-motor
disruption immediately following a simulated emergency or startling event is
relatively short-lived; task relevant responses are generally initiated or
completed within 1 to 3 s following onset of the event, and there is little
or nc evidenze of aignificant perceptual-motor impairment beyond this period
{9, 10, 11, 19, 20, 23, 26). There is suggestive evidence, however, that
cognitive behaviors may be impaired for a longer period of time, since
gseveral startle atudies, including *~he present one, have found impairments
in information processing lasting from 17 to 60 s following a startling
event (23, 24, 25).

If it is accepted that the emotional-physiological response to auditory
startle ¢sn serve to at least approximate the shock-phase reaction normally
triggered by particular perceptual-cognitive events in reasl=life
emergencies, then the use of startle may prove to be a relatively simple
laboratory technique for studying performance disruption and rate of
recovery on a wide variety of tasks. In addition, studies of individual
differences in respongse-recovery from startle could assist in our
understanding of some of the extreme reactions displayed by individuals in
real-iife emergencies. In natural disasters, for example, about 12 to 25
percent of individuals remain completely "cool and collected" during the
initial respcnse phase, while about the same percentage show maladaptive
responses such as confusion, paralyzing anxiety, and hysterical reactions
{16). As noted earlier, previous laboratory studies have isolated several
individual difference variables (autonomic reactivity and simple reaction
time) that appear to be correlated with response-recovery froam startle {19,
20, 21, 23). Such variables suggest the existence of inherent,
constifutional factors that may be related to the ability to respond rapidly
and effectively to real-life suiden stress situations. Further research is
needed, however, to determine the extent %o which such variables, uncovered
in laboratory studies of atartle, can serve as useful predictors of
performance recovery following simulated ATC emergencies that closely
approximate real-life situations.
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